6 Hz) are presented. The influence of growth conditions was also investigated. The anomalies on dielectric plots depend on the development of the micro-and nano-domain structure.
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Introduction
Lithium niobate LiNbO 3 (LN) crystals have been widely used for tailoring optical and piezoelectric devices. They are used in many comercial applications however the intrinsic defects asociated with the structure and growth conditions influence the properties of this material. A number of anomalies of conductivity, optical, dielectric and pyroelectric properties of lithium niobate crystals within a temperature range of 300-400 K has been observed by different authors [1] [2] [3] [4] [5] [6] [7] [8] . A super-structural sub-lattice of clustered defects formed at the cation sub-lattice of rare earth elements REE-modified LN crystals is observed to have steps of the size of a few lattice translation periods [9] . There are clusters formed close to the defects (Nb Li ) having a pattern with periodic nano-size fractal structures of steps between 1 -2 nm [10] . In the present work the influence of gadolinium Gd on the observed dielectric anomalies in LiNbO 3 single crystal was investigated.
Results and discussion
LN single crystals were grown under stationary and non-stationary conditions. The dielectric dispersion of LiNbO 3 :Gd single crystals was investigated. Measurements were performed at temperatures ~ 290-490 K within narrow frequency range (0.5-10 6 Hz). Short periodical temperature oscillations at crystal -fusion phase boundary within the crystal growth promotes the forming of contrary polarized domains [11] [12] [13] [14] [15] [16] [17] . Domain boundaries are characterized by a complex structure. The examination of lithium niobate crystals containing gadolinium (LiNbO 3 :Gd) has revealed formation of regular micron-scale domain structures (RDS) characteristic for this kind of crystals ( Fig. 1) . There is an anomaly on the dielectric permittivity plot ε´3 3 (T) observed at around 330-380 K. Dielectric permittivity decreases with increasing frequency and disappears at f ≥ 10 kHz. Dielectric dispersion at low frequencies follows Debye equation. Fig. 2 shows the Cole-Cole diagram for LiNbO 3 :Gd single crystal. Monodispersion is located at temperatures 290-340 K in the frequency range 10 Hz to 10 kHz and can be described with an equation (1):
where ε* is the complex dielectric permittivity, ε′ and ε″ are he real and imaginary parts of the dielectric permittivity, ω -the angular frequency, τ -relaxation time. The dielectric dispersion nature is changed with increasing temperature. These changes appear as linear areas on the Cole-Cole diagram at low frequencies. These linear areas become more pronounced and extended with increasing temperature. Relaxation becomes longer in time. Dielectric dispersion following the equation (1) is suppressed above 410 K (Fig. 3) . It means that there are two dispersion processes present at 290~410 K: Debye processes (I) and the linear area at lower frequencies (II). When temperature exceeds 490 K only the process (II) appears on Cole-Cole diagram. The depth of dispersion does not change essentially while increasing temperature from 290 K to 340 K. Further increase in temperature above 340 K (even 4 K) drastically decreases the depth of dispersion. LiNbO 3 :Gd crystal is associated with one Debye relaxation process in temperature range from 290 K to 340 K with a relaxation time τ ~ 2.5 · 10 -2 c at room temperature. The observations mentioned above allow us to assume that the annomalies are caused by the interaction of spontaneous polarization relaxation and defect relaxation (associated with impurity of Gd 3+ ) with periodic domain or nanostructure boundaries. Constant electric field leads to domain growth and consolidation of domains causing the decrease of dispersion depth. Stationary grown LiNbO 3 :Gd (0.52 wt%) without developed micro-and nano-domain structure was also examined. Figure 4a shows two relaxation processes at T=290 K in frequency range of 1 Hz to 1 kHz. The first is Debye relaxation, the second emerges as a straight line associated with the static conductivity of the sample. The Debye process disappears instantly with a slight rise in temperature (Fig. 4b) . Numerically dispersion depth is much higher for samples grow non-stationary. Smaller dispersion depth is the evidence of the unipolarity of a crystal. 
Conclusions
Dielectric properties of stationary and non-stationary grown LiNbO 3 :Gd single crystals at temperature ~ 290-490 K in narrow frequency range (0.5-10 6 Hz) were investigated. Interaction of spontaneous polarization relaxation and defect relaxation with periodic domain or nanostructure boundaries causes the low-frequency dielectric dispersion. The dispersion depth is defined by evolution of micro and nano domain structure.
